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FUNDAMENTALS OF ELECTRO-SURGERY_ 


— TERMINOLOGY —. 


Our modern concept of electro-surgery embraces the 
use of two distinct types of high frequency current - cut- 
ting and coagulation. Applied in various ways, these pro- 
duce on tissue varying effects of surgical value. 


While electro-surgery has produced many descriptive 
terms, for the purpose of this work we will limit our ter- 
minology to the three most generally accepted words de- 
scribing these surgical effects. These are; 


i ELECTRO-CUTTING, which is self-explanatory, 


2 - ELECTRO-COAGULATION, (or 
coagulation), to denote 
the action of current 
when an active electrode 
is contacted with the 
tissue, and, oe 





Electro-Coagulation — Inserting. a 
needle electrode into the tissues 


3 - ELECTRO-DESICCATION, (or 
simply desiccation), to 
indicate the superficial 
drying- out that takes 
place when a_ shower of 
sparks is allowed to play 
onto tissue from the end 
of an electrode without 
actual contact. 





Electro-Desiccation — Sparking the 
tissue without actual contact 


While these effects are quite different, they are 
distinctly inter-related, in fact, the remarkable success 
of electro-surgery in many operations is due to the joint 
use of the two currents, e.g. the cutting current for in- 
cising or excising - the coagulation current for hemosta- 
sis or mass destruction of tissue. 


These different surgical effects are governed by 
certain fundamental principles which will be discussed in 
detail in the following sections. 
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ELECTRO-CUTTING 


If a current of proper wave form, voltage, amperage 
and continuity of energy is applied to tissue through a suit- 
able electrode,a small intense are will form between the elec- 
trode and the tissue -- a small zone of tissue cells will be 
destroyed and, volatilizing, will pass off as vapor -- and as 
the electrode moves along, the tissues part as those severed 
by the sharpest scalpel. As the electrode passes through, the 
heat of the are creates onthe severed edges a shallow zone of 
dehydrated tissue -- there is an actual drying out or coagula- 
tion of superficial cells -- and this dehydration seals off 
the capillaries and smaller blood vessels and prevents bleed- 
ing and oozing from these sources. The (relatively) reduced 
hemorrhage that follows electro-cutting is due directly to 
the dehydrated tissue remaining on the edges of the wound. 


The degree of hemostatic effeet secured with electro- 
cutting -- the size of blood vessels that will be occluded -- 
depends directly on the depth of dehydration remaining on the 
wound edges. The more dehydration,the more hemostatic effect. 
The less dehydration, the more bleeding. 


The depth of dehydration (and consequent hemostatic 
effect) can, within certain limits, be controlled by the sur- 
geon. It is a variable factor that can be governed to best 
suit the immediate conditions. 


The amount of dehydration on the edges of the wound 


depends on; 


A - AMOUNT OF POWER USED. With a given elec- 
trode and for a constant speed and depth 
of cut, higher power will produce more 
dehydration than lower. One exception to 
this, however, should be noted. If a cut 
is attempted with too little power the 
eleetrode will start to cut with diffi- 
culty, will continue to cut slowly, and 
in so doing, will leave considerable de- 
hydration on the edges of the wound. 


B - SPEED OF CUTTING. With a given electrode 
and for a given power setting the depth 
of dehydration on wound edges can be part- 

ly controlled by the speed of cutting... 
Under otherwise identical conditions,the 
Slow cuts produce more dehydration than 
fast. ; , | 
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C - TYPE OF ELECTRODE USED. The thinner the 
entering edge of the electrode (under > 
otherwise identical conditions) the less 
dehydration is produced on the wound. 
Other conditions remaining constant, the 
small flat blade produces the minimum Of: 
dehydration on the severed edges of tis- 
gue. This electrode should always be 
..-used for skin incisions if primary union 
is expected. The large flat blade pro- 
duces somewhat more drying out on the 
- weund edges than does the small blade; 
the small needle produces more than the © 
large blade and the large needle still 
more. The most useful cutting electrodes 
are shown below. 


SMALL FLAT BLADE -- straight and 
‘angulated. About .0115" thick. 
Cuts freer and with less dehy- 
dration than any other electrode. 
Should always be used for skin 
incisions, and cutting through 
thick fat or cartilage. | 


LARGE FLAT BLADE -- Leaves some- 
what more dehydration than small 
blade. Used for dissection where 
| a moderate amount of dehydration 
on wound edges is tolerable, i.e., in muscle or gut. Do not 
use for skin incision, or in thick fatty tissue or cartilage. 





SS) SMALL NEEDLE--.017" in diameter. 
2841S Leaves somewhat more dehydration 


on wound edges than the large 


blade. Do not use for skin incisions or dissections of fat 
or cartilage. Must be used with caution in muscle or gut when 
primary union is expected. Ordinarily used when primary union 
is not involved,e.g.,in dissection of brain tumors or malig- 
nancies where the wound is left to granulate. - 


ee ~ LARGE NEEDLE -- About .0275" in 

2841-L diameter. Cuts less freely,re- 
quires more power and leaves 
more dehydration on the wound than any other electrode.Should 
never be used for incising skin and other tissue if primary 
union is expected. Used principally where very heavy dehydra- 





tion and maximum hemostatic effect is wanted, e.g., in @pen- 


ing lung abscesses, dissection of the more vascular brain 
tumors, or removing lesions where the wound will be left to 
granulate.Especially useful for dissecting in highly vascular 
areas such as the lip, tongue, cervix, etc., as its use re- 
sults in minimum hemorrhage (maximum dehydration). 
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LOOPS, ROUND, AND OVAL -- those most 
extensively used are 3/ea" and 1/2" 
in diameter, although other sizes -- 


‘pieces of tissue, e.g.,the piecemeal 


opsy specimen, piecemeal removal of 
lesions of the tonsil, uvula, roof 
of mouth, rectum, etc, Fairly high 
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contacting the tissue. 


On one model, i.e. The Improved Davis-Bovie Unit (as well as 


the Original Model Davis-Bovie and Model U, neither of which 
are now in production), provisions are made in the electri- 


cal circuits for varying the dehydration characteristics of 


the cutting current so that the surgeon can select a current 
that produces greater or less dehydration (and hemostatic 
action) without changing electrodes, This is accomplished 


by means of a dehydration control on the cutting circuit, 


In the former models three different degrees of dehydration 
could be produced on the wound edges with any given elec- 
trode, The positions on this Dehydration Control on previ- 
ous models were marked LIGHT - MEDIUM - HHAVY - indicating 
the relative degree of dehydration that would result from 
each setting. 


With the new Improved Model Davis-Bovie there are 
five steps of cutting current hemostasis, Thus, in addi- 
tion to changing electrodes, the surgeon has the means for 
still further changing the dehydration characteristics of 
the current, With the Davis-Bovie, if thick electrodes are 
used with the ."Heavy' setting, or on the Improved Unit = 
steps 4 or 5 of the Cutting Current Hemostasis Control, a 
very powerful hemostatic effect can be secured, permitting 
cuts through vascular structures with little, if. any, hem 
orrhage, Experimentally, with the large needle and maximum 
dehydration, incisions have been made in a dog's liver with 
no bleeding. The use of such heavy dehydration will, of 
course, be limited to those applications where primary union 
is not involved. 





larger and smaller -- are available. 
Made of wire approximately .018" in. 
diameter. Used for "scalloping out" 


removal of brain tumors,taking a bi- 


power is required with loops due to 
relatively large area of electrode 














PRIMARY UNION 


The amount of dehydration tolerable on the edges of a 


wound is very intimately tied up with the question of per-. 
primum healing. Primary union is directly affected by the 


amount. of dehydration on the tissue edges -- the less dehy- 


dration, the less interference with primary healing. 
{ : - 


The dehydrated necrotic cells remaining on the wound 


are, in effect, foreign badies and while they can be ab- 
sorbed to a certain extent, if the amount of dehydration 


necrosis is beyond the absorption powers of the tissue, 
then a slough will result and healing may be delayed. 


*Phere has been considerable misunderstanding and con- 
cern expressed over the ability to secure per-primum heal- 
ing following electro-surgical wounds. im ovune: iieht 3 ot 


present-day experience we can say positively that primary 


union can be secured in tissue of any nature providing the 
proper technique is used. This means that the depth of de- 


hydration remaining on the wound edges must not be more 


than the tissues can absorb. No specific rules can be giv- 
en. The surgeon must learn from experience the amount of 
dehydration that can be absorbed in different tissue. At 
the outset however, where primary union is involved, it 


will be wise to play safe and use electrodes,set the power 


and cut at a speed that results in very little dehydration 
as this will avoid any difficulty with healing. 


| Different kinds of tissue have varying abilities to 
absorb the dehydrated cells. In muscle, the intestines or 
the stomach,considerable dehydration will interfere little, 


Li any 5 with primary union although healing is slightly 


slower than following equivalent scalpel incisions. 


_ The skin, however, has very limited powers of absorb- 
ing this dehydration necrosis and in making skin incisions 
every precaution must be observed against leaving an 6x- 
cess of dehydrated tissue on the edges of the wound. This 
means that for skin incisions only the small flat blade 
should be used -- that the me ee should be made rapidly, 
the use of excess power avoided.: 


Lt these precautions are caroeuen observed per-primum 
healing comparable to that secured following a scalpel in- 
Cision can be obtained with the cucvving, curpment.: .. 


, 


*With units equipped with 
Variable Dehydration, use 
only the lmiene' or Ne, l 
Setting, 
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Fic. 20—PHOTOMICROGRAPH OF TWENTY Day HEALING IN Doc’s 


_LIvER, after wedge-shaped resection with Bovie Unit using light de- 


hydration. The removal of necrosed parenchyma cells 1s complete. 

The collapsed lobular framework and scarring contains unaffected 

cells and 1s being invaded by regenerating hepatic tissue. There rs still 

some foretgn-body reaction, with macrophages, about the two black silk 
mattress sutures used for closure of the cleft.* 





FIG. 21— PHOTOMICROGRAPH OF EIGHTEEN Day HEALING, after : 
skin incision with Bovie Unit using heavy dehydration. Healing 


was per primam; the scar 1s 1.8 mm. broad.* 
* Reproduced by permission of the American Medical Association | 
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wuscle will absorb considerably more dehydrated tissue 
than skin. Thus, in making incisions through muscle, it is 


permissible to use the larger blade electrede or to cut 
somewhat slower so that more dehydration and less bleeding 


results. 


! 


In heavy adipose tissue care mst be taken to avoid a 


poiling-out effect for this will interfere with union. In- 


cisions through heavy fat should be made only with the 
small flat blade, considerable power should be used,and the 


-@uts should be made rapidly*. A succession of rapid shallow 
cuts is better than one deep incision as this also minimiz- 


es the "boiling-out" effect. 


- Tt has been observed that electrically produced wounds 
during their healing period,exerete considerably more serum 


than does a corresponding scalpel incision. While there is 
no more tendency to infeetion,there is a free flow of serum 


for several days after the incision and on large wounds (for 


example,a thoracoplasty or radical breast amputation) drains 


may be necessary for a somewhat longer period than if a 


sealpel were. used, 


The healing of wounds produced by the electrical cut- 


ting current in tissue of any nature takes place slightly 
glower than a corresponding scalpel wound. The studies of 
Ellis reported in the Journal A.MeA. for January Srd,195l, 


under the title "The Rate of Healing of Electro- Surgical 


Wounds as Expressedin Tensile Strength", indicate that heal- 


ing of electro-surgical wounds is about two days slower 
than a corresponding scalpel incision and that during the 
mid-point of healing, these wounds are of slightly less- 
er tensile strength. | 


Skin incisions made with the electrical cutting current 
tend to show slightly more scarring than a scalpel incision 
and this fact must be considered in operations where cos- 
metic results are important. 


There are, of course, many operations where primary 


union is not involved - such.as the excision of a malignan- 


cy where the wound is left to granulate -- cervical coniza- 
tion -- the excision of brain tumors, ete,and in such cases 
electro-cutting appears at its best for an electrode can be 
selected and a technique used which results in the minimum 
of hemorrhage. 


Pd 


_ PRECAUTIONS. In working around bony structures care 
should be taken to avoid damaging the periosteum, for any 


*Wwith units equipped with] 
Variable Dehydration, use 
Only the "Licht" or No, 2 


| setti ng, 
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coagulation or burning of this membrane may result in ne- 
crosis of the underlying bone with separation of sequestra 


' and healing would be extremely slow. 


Sometimes when striped muscle is severed with the 
cutting current there is an annoying twitch when the cur- 
rent is applied. This is not due to any electrical sensa- 
tion but is apparently caused by the intense heat of the 
arc which reacts on the motor nerves in the operating 
field. This twitching can be kept at a minimum,if not com- 
pletely eliminated, by using the least possible power. Ex- 
cess power aggravates this twitching effect. It can be 
further reduced by maintaining traction on each side of 


the line of incision so that the miscle is under tension © 


while cutting proceeds. 
While it is physically possible to do electrical 


cutting under almost any condition, we do not advocate its 


use unless there is some clear cut reason for so doing. 


That it will ever replace the scalpel and scissors in rou- 


tine surgery we do not believe. Electro-cutting is of dis- 
tinct value in the presence of malignancies or badly in- 
fected fields. It is very useful in big operations, i.e. 
breast amputations, thoracoplasties, etc. where it effects 
a material reduction in hemorrhage and saves time for this 
reason. I1t offers many advantages in hard-to-reach cavi- 
ties, e.g.-, the mouth, rectum, vagina, deep-lying brain 
tumors ,for with suitable instruments such operating fields 
are easily approached. It occupies a distinct and unique 
field when used through various endoscopic instruments; 
resectoscopes, thoracoscopes, laryngoscopes, etc. 


In some cases electro-cutting may be distinctly 
hazardous « For example, if it were used for opening the 
peritoneum (and we can see no conceivable reason for doing 
so) the chance of rupturing the intestine would be increas- 
ed, for with the current on,anything the electrode touches 
will be cut, or at least burned. In the proximity of large 
blood vessels, as in axillary dissections,this danger must 


be kept clearly in mind, for just a light contact or even 


a small spark jumping from the electrode may do irrepar- 
able damage. | 


From the foregoing it can be seen that the decis- 
ion to use or not to use electro-cutting in any given 
operation must take into consideration the advantages and 
disadvantages of the method -— the pros and cons must be 
carefully weighed -- and when electro-cutting is done the 
surgeon must carefully consider the factors of dehydration, 
primary union, possibilities of damaging adjacent struc- 
tures, etc. 


fii) 
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POWER REQUIRED FOR ELECTRO-CUTTING varies through 
wide limits, depending on the type of electrode used, na- 
ture of tissue being cut, speed and depth of incision. For 
definite guidance the surgeon should refer to the instruc- 


tion book accompanying the particular machine in use.There 


are, however, certain generalities that may be observed. 


TYPE OF ELECTRODE USED. The thicker the en- 
tering edge of the electrode, the more pow- 
er is required, for a given speed and depth 
of cute | | 


NATURE OF TISSUE. Hard drysclerotic tissue, 
fut or cartilage will require somewhat more 
power than softer or moister structures 
which offer less electrical resistance to 
the current. In a very moist bloody field, 
however, considerable power may be required 
to offset current lost through the fluid 
medium. | 


SPEED AND DEPTH OF CUT. The faster or deep-_ 
er a cut is made, the more power is requir- 
ed. 3 


The surgeon should learn that power is a variable 
factor that should be adjusted to best meet the immediate 
condition. In actual operative work occasional re-setting 
of the power control may be required, to meet the needs of 
faster or deeper cutting, different kinds of tissue, etc. 


There is one safe general rule that applies to all 
conditions, namely, 


USE THE LOWEST POWER THAT CUTS FREELY TO THE 
DESIRED DEPTH IN THE TISSUE BEING SECTIONED. 


If lowest possible power is used it will avoid undue spark- 


ing and flashing at the electrode, will prevent excess de- 


hydration or carbonization of the wound edges, will pro- 
long the life of operating electrodes. 


Experimentally, the proper power setting for your 


machine under your particular conditions can be determined 
by meat tests as outlined later. 


NOTE: Electrical cutting should always be 
done by the bipolar method; that is a large 
indifferent electrode should be applied to — 
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the patient's bare skin. Under certain con- 
ditions it is physically possible for the 
surgeon to cut without an indifferent elec- 
trode, but this is not recommended for gen-= 
eral use. For a given depth of incision it 
requires a great deal more power to cut 
without an indifferent electrode (monopolar) 
than it does with the bipolar method, Also, 
if an indifferent electrode is not used a 
direct current path is not provided through 
the patient and there might be a tendency 
for the current to "leak out" through the 
operator. For these reasons we recommend 
that cutting always be done by the bipolar 
method. | | 


| _ In actual operative work coagulated blood and dried 
out tissue clings to the operating electrode which must be 
cleaned off from time to time. Unless this adherent tissue is 
removed from the electrode,cutting is interfered with, It can 
be cleaned off by wiping with a sponge, by scraping with the 
back of a scalpel or by means of a small ball of bronze wool. 


Steel wool should not be used as pieces tend to break off and 


be carried into the operating field. 


UNDER WATER CUTTING can be carried out as readily as 
in air providing proper instruments are used. Cutting under 
water requires that a part of the electrode be insulated and 
only part of the active tip exposed. Water is an excellsnt 


conducting medium and if any large area of the electrode is 


exposed, so much of the current will "leak off" through the 
water that there simply will not be enough power left to cut, 
It is useless to attempt under water cutting with an ordinary 
needle, knife or loop electrode. This leaves too much area 
exposed for leakage. 


Ordinarily the electrodes 
used for under water cutting 
are special loops that fit 
into the prostatic resection 
instruments such as the Stern- 
Davis and McCarthy loops il- 
lustrated,. 





Stern-McCarthy Loop 


| Other special under water electrodes have been devised 
for incising the ureteral orifice, incising median bars, etee 
and are used to a limited. extent, oO ae ae 
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Cutting | 
(Special Instruments-Cont ) 


SPECIAL OPERATING INSTRUMENTS 





GERVICAL CONIZATION ELEC- 
TRODES, especially de- 
Signed for the excision 
of tissue from the cervix 
and endo-cervix.Power re- 
quired will vary ina 
wide range depending on 
depth electrode is in- 
serted and amount of tis- 
sue to be removed 





2100-Small 


A number of instruments have been devised to meet the a 
needs of specialized operative work. Some of these are illus- R 
\ ree and briefly described in the following. 










2101-Medium 


2102-Large 






THE RECTAL CUITING LOOP is used in connection 
with an insulating speculum for piecemeal exci- 
Sion of suitable types of low-lying obstructive 
rectal lesions. Excellent palliative results 
have been secured in a small series reported on. 


DR. RALPH C. MAT-— 
SON'S INERA-THOR- 
ACIC ELECTRODES 
for severing pleu- 
ral adhesions in 
artificial pneumo- 
thorax (intra-pieu- 





ral pneumolysis). ADJUSTABLE TIP ELECTRODE 
, Py a | _ The ee ed Well balanced, with acute angle adjustment offering an almost 
INSULATING BAKELITE SPECULUM with sucker tube (which is con- | prec ureee ie universal approach. 
nected to any suction machine) for evacuating smoke, fumes, e Mea heavy ee Length of shaft 17 cm., diameter 4 mm. 
and debris -- illustrated with obturator in place. a _ hydration on the 


stumps of the adhesion and reguires considerable power.Pow- 
er needed varies with- 
in wide limits ,depend- 
ing on depth of cut to 
be made and nature of 
the adhesion. Small, 
string-like adhesions 
often require a great- 
er power than larger 


NEURO-SURGICAL CUTTING 
LOOPS AND NEEDLES are 
mounted on an extra 
long shaft to. permit 
easy attack of deep 


lying intra - cranial | | STRAIGHT ELECTRODE high electrical re- 








ones, due to thoir 
ogee Lh aa ae — Dimensions same as Adjustable Tip Flectrode. sistance Cutting power 
pe re ae ee | NO.2850-1 JA ss May be curved manually to any desired curve. must be varied to suit 


an iridio-platinum al- immediate conditions. 


loy which cuts smooth- 
er and to which tissue 
does not adhere. 





NO .2£852 


‘ 
i er ne 
oe ee 
. 


b 
ADJUSTABLE CURVE ELECTRODE 


Dimensions same as Adjustable Tip Electrode. Distal end may. 
be adjusted to any curve up to 90°. Makes a good approach 
near the chest wall. 
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ELECTRO-COAGULATION AND DESICCATION 
——GENERAL PRINCIPLES —— 


This chapter will be of benefit to readers who have 
not already had experience with electro-coagulation.e 


Tf an electrical current flows through a substance 
which offers resistance to its passage, heat is generated 
within that substance. Electro-coagulation is accomplished 
purely by the heat thus generated within the tissues. | 


First, let us study the heating effects of the cur- 
rent when passed through any portion of the human body, be- 
tween electrodes of equal size. 


@*@- 4 RB BESS SEER RBeBRewaaemane=:: 
totter PP a 


| the flow of elec- 
4 trical current be- 
tween two equal el- 
ectrodes and shows 
dispersion of cur- 
rent “through... the 
intervening tissue. 
The amount of heat 
produced by > this 
current,in a.given 
mass. of .tissue is 


Faymey 
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j= 
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Gependent on: 


a. The amount of current. | 
be The length of Gime it is applied. 
c. The area of electrode in contact with tissues. 


: Using electrodes of equal size, the heating effect 
produced is substantially uniform throughout the whole mass 
of tissue between the electrodes. 


Fig. 2 illustrates 
the. current “flow... en 
through tissues be- Cae 
tween electrodes of = 
unequal size. It 
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the current density 
hecomes increasing- 
ly greacer, with, ao 
corresponding in- 
crease in the a- 
mount of heat, un- 
til the current at- 
tains maximum den- 
sity and greatest 
heat is produced at the smaller electrode. 
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Figs 1 iliustrates.. 






largely superficial, 


Fig. 3. Illustrating extreme current density around needle. 


As illustrated in Fig. 5, if one electrode is very 


small and if enough current is applied for a sufficient length 
of time, enough heat is generated to coagulate or actually 


cook those tissues in the immediate vicinity of the smaller 
electrode. It is on the generation of an intense heat within 
the tissue itself, concentrated over a relatively small area, 
that the whole principle of electro-coagulation is based. — 


In electro-desiccation, where the current is allowed 
to spark over from the eleetrode to the tissue without actual 


contact, the current concentration and the effect secured is 
in general the same. 

However,the air space 
between: the electrode 
and tissue introduces 
a relatively high re- 
sistance into the el- 
ectrical circuit so 
that current inten- 
sity is considerably 
reduced and the de- 
scvructive effect is 





without deep penetra- 


In modern electro-coagulation work, the smaller or ac- 
tive electrode is usually either a needle or small sized ball, 
or in electro-hemostasis, the tip of a hemostat. The actual 
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NEEDLE ELECTRODES 


STAINLESS STEEL POINTS 











CURVED LARYNGEAL 
COAGULATION ELECTRODE. 
FOR INDIRECT WORK UNDER MIRROR VISION. 











STRAIGHT LARYNGEAL 
| COAGULATION ELECTRODE. 
FOR DIRECT WORK THROUGH LARYNGOSCOPE, 
ALSO FOR RECTAL COAGULATION. 
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dispersion of the heating current is somewhat more complex — 


than shown in the illustrations,due to the difference in el- 


ectrical resistance of different types of tissue,but the same 
general principles hold good, viz:a concentration of current 
and heat in the immediate vicinity of the smaller (active) 
electrode, ST eer to coagulate or cook the tissue. 


Compcert: to what one would assume to be the case, 
a heavy current for a short time will not coagulate as great 
a mass of tissue as will a lesser power over a longer per- 
iod of time. For a given area of electrode, a moderate a- 
mount of power applied for a few seconds will coagulate much 
deeper than will several times as much power for a corres- 
pondingly shorter period of time. 
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WE LEE: 
pee ee 
Coagulum around 


needle when heavy current is 
applied for short time. 


Illustrating more ex- 
tensive coagulum when mod- 
erate current is applied for 
longer time. 


The reason for this is that with the lower current, 
the tissues in contact with the active electrode are - not 
as rapidly dried out. They will secrete fluids which main— 


“tain a good electrical contact between. the tissues and the 


electrode for a longer period of time, thereby permitting 
the current €o be applied ijionger and coagulation carricd 


to a greater depth. The heat generated will have time to 


disseminate into adjacent tissue. 


Using greater current, drying out of tissues in con-— 
tact with the electrode: will be so fast that a high resist— 
ance to the current flow is introduced, thereby reducing the 
CurmRenE Siesta le and Limiting the depth to which coasulacion 
Can be carried. lf the current is still applied superficial 
carbonization around the electrode will reswlt, undesirable 
sparking will take place and the current Plow Still further 
reduced. 


For these reasons, the results of coagulation depend 
largely upon the experience and judgment of the ' operator. — 
Likewise, what takes place at the active electrode cannot be 
determined by any simple set of rules. We must depend on the 
skill of the operator,who learns from noting how the tissues 
act in the immediate vicinity of the active electrode, just 
what is taking place, how much power to apply, and for how 


= lltoyavert: 


Coagulation or desiccation results in the destruc- 
tion of the tissue cells to which the current is applied. 
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These cells will not regenerate. The coagulum so formed ap- 
pears as a greyish white, dried out mass, which subsequent- 
ly sloughs away. The length of time required for the entire 
mass to slough depends on the amount of tissue destroyed, 
varying from a few hours in the case of light superficial ap- 
plications to several days where large masses of tissue are 
coagulated. When the destroyed mass has completely separat- 
ed, dry healthy granular tissue appears below. 


Bone cannot be coagulated. Cartilage will coagulate, 


but will be extremely slow in healing. When working around 


bone, care should be used not to destroy the periosteum. If 
this is destroyed, necrosis with separation of sequestra for 
a long period of time will follow. When dealing with certain 
malignancies and it is necessary to destroy bone, as much as 
possible should be removed with the ‘ronguer to minimize the 
period of sequestration. 


COAGULATION WITH BIPOLAR ELECTRODES 


In recent years there has 
been a steadily increas- 
ing use of the so-called 


trodes. In these instru- 
ments there are two nee- 







CURRENT FLOWS 
BETWEEN NEEDLES ONLY. nected to one of the ter- 


minals on the coagulation 
machine. No indifferent 
electrode is used as the 
two points are each, in 
effect ,active electrodes. 
Coagulation takes place 
only between and around 
the two needles. While 
made in awide variety of 


: Two LEADS Conn EcT TO 
Ra COAGULATION UNIT. 






COAGULUM. 





NEEDLE PUNGTURES. 


designs, the tonsil and. 


turbinate Spo euT odes as 
illustrated, are the ones most extensively used. 


Only a small amount of power is Pogue ein pipoilen 
electrodes as the current penetrates only the tissue - lying 
between the needles. Extreme care must be taken to avoid an 


excess of power so that arcing between the points ora break- 


down within the handle will not occur. 





bipolar coagulation elec-_ 


dies or points,each con-: 
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INDICATIONS 


Briefly, electro-coagulation and desieeation afford 
means for hemostasis in major surgery and for destroying in 
situ any accessible mass of tissue. It is equally applica- 
ble to either large or minute growths. The process is ab- 
solutely accurate, easily controlled and simple to apply. 


The heat,generated within the tissues,is sufficient 
to dry out the tissue cells, resulting in their death. Un-— 
der the microscope a section of the tissue so treated will 
show the cells to be shrunken and shrivelled and their nu- 
clei condensed,the whole presenting a mummified appearance. 


PHOTOMICRO- 
GRAPH OF A CAT’s LIVER 
after four seconds’ con- 
tact application of coagu- 
lating current through a 
loop electrode. The ab- 
sence of molecular disso- 
lution in the middle of the 
surface 1s due to the ad- 
heston of this zone to the 
electrode. Radial pene- 
tration of detectable his- 
tologic alteration 1s 2.8 
mm. The shrinkage of 
the coagulum has freed 
some of the altered cells 
into a lake of plasma 

underneath 1t.* 





* Reproduced by permission of the American Medical Association ' 


Macroscopically the treated tissue presents a grey- 
ish white, dried out and shrivelled appearance. The necro- 
tic tissue eventually separates and the destroyed cells are 
replaced by connective tissue. Since this mode of cell de- 
struction is associated with very Jittle degenerative chan- 
ges in adjacent healthy celis,there is a minimum of fibrous 
tissue as an end result. Scarring is soft and supple. 


Thus these methods are extremely useful where good 
cosmetic results are essential, as in removing common skin 
blemishes; or where hard scar tissue might result in funce- 
tional impairment; as in working on the vocal cords, in the 
urethra or rectum. 


Among the more common conditions where electro-co- 
agulation or desiccation may be used to advantage are, pig- 
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mented nevi, telangiectases, leukoplakias, warts,keratoses. 
The precancerous dermatoses, including the various forms of 
keratoses, papillomata, x-ray dermatitis,lupus vulgaris and 


erythematosis, and other lesions of the skin and muceus. 


membranes can be destroyed readily by this method. 


Localized benign growths of the larynx, bladder or 
rectumsminor gynecological conditions such as cervi¢al ero- 
sions and urethral caruncle; any accessible malignancy: if 
not too extensive; these are conditions indicating removal 
by electro-coagulation or desiccation. 


In recent years many specialized uses such as seal- 
ing bleeders in major surgery, shrinking inferior turbin- 
ates, electro-coagulation of tonsils, removing hemorrhoids, 
etc., have attracted considerable attention and are now ex- 
tensively used. 


APPLICATIONS 


We will not attempt to describe the technique in de- 
tail for every condition that might be encountered.The var- 
lous methods will be covered and cases selected to illus- 
trate the general procedure. 


Growths and blemishes, depending on their nature, 


size, location and whether or not anesthesia is to be used 


will be removed by one of three methods: 


1. Monopolar Desiccation, for limited su- 
perficial destruction,as in small nevi, 
small pedunculated warts, small patches 
of leukoplakia, telangiectasis, small 
papillomata, etc. Power should be set 
to produce a spark about 1/16 in. long. 
This is correct for the average case. 
Less power may be used on very small 
growths, or where it is desired to work 
Slowly and limit the pain felt by the 
patient. | 


Be Bipolar Coagulation with the active el- 
ectrode contacted superficially. Useful 
for destruction of growths of moderate 
depth but of large area. Power required 
will vary, depending on the size of the 
electrode and depth of destruction de-. 
sired. 


Se Deep Bipolar Coagulation with the elec- 
trode inserted into the tissue to any 
required depth;used in destroying mass- 
ive growths. Power required depends on 
size of needle, depth inserted and a- 
mount of destruction required. 
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‘Typical examples of these different methods are illus- 


trated. 


EXAMPLE. A -=- Small 


purely superficial 


blemishes such as 
patches of leuko- 
plakia, telangiec- 
tasis or x-ray der- 


matitis may be de-~ 


stroyed readily by 
monopolar desicca- 
tion without anes- 
thetic Sparks about 
1/16" long are ap- 
plied intermittent- 
ly - in very short 
flashes -until the 
entire patch has 
been covered. The 
blanched and dried 
out appearance of 
the surface indi- 
cates superficial 
destruction. The 
dried -out tissues 
separate; a scab 





Example A 


forms and peat e connective tissue grows below.e 





Example B 


EXAMPLE B -=- Very 
small warts opr 
nevi, Ore view 
larger growths if 
they have a small 
pedicie, can be 
removed by mono- 
polar desiccation, 
without an anes- 
CHECLC . The en- 
tire growth can 
be dried oun by 
intermittent ap- 
plication of the 
spark. In the case 
of growths that 
have a small ped- 
icle, the spark 
can be played all 
around the base 


of the growth and the pedicle thoroughly dried out. The entire 


growth will subsequently slough away. 
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EXAMPLE C - Small growths can also be destroyed by bi- 
polar coagulation by inserting a needle into the growth or by 
making a superficial contact with it as illustrated. 


Flectro-Coagulation of small growth Destroying small growth by contacting 
by inserting needle | tissue with ball electrode 


The disadvantage of this method is that the action of 
the current is rapid, considerable heat is generated and an 
anesthetic would ordinarily be necessary. 


EXAMPLE D - Larger growths are completely destroyed by 
successive needle punctures, overlapping areas of the lesion 
being coagulated until | 
its greyish, dried-out 
appearance indicates 
complete destruction. 

The cossulum may “then 
be allowed to slough - 
it may be curetted away 
or looped out with the 
Cutbbing. current.  Det— 
inite rules can nol be 
given as to whether the 
mass should be removed 
or allowed to slough 
normally.This will de- 
pend on the size of the 
growth, its location, 
ete If the coagulum 
is curetted or removed 
with the cutting cur- 
reng, Lb is well: vo 
thoroughly treat the 
open wound with the 
desiccating sparks so 
that a film of dried- 
out tissue remains as 
a protection and to a- 
void the possibility of 
secondary hemorrhage. 





_ The foregoing are merely examples of how the current 
may be used in dealing with ordinary blemishes and growths. 
As formerly noted, the exact technique and power sétting re- 
quired for each individual case cannot be predetermined ac- 
curately. Only experience and familiarise aah the apparatus 
will enable the operator to correctly preset the power. Meat 
oo are helpful in deciding on approximate power set— 

NES - 


The same general principles apply in removing blem- 
ishes and growths in any accessible location. 


For example, papillomata, fibromata and other benign 
growths on the vocal cords may be coagulated and allowed to 
slough. Perfect results without functional impairment have 
been secured. 


Bladder papillomas are removed through acystoscope = 
by desiccation if small - by coagulation inthe case of larg- 
er growths. 


Urethral caruneles, chancroids which resist other 
forms of treatment, corneal ulcers, tabs of lymphoid tissue 
and adhesions found around the mouth of the Eustachian Tube 
may be readily removed. Light desiccation of all red and e- 
roded areas is a highly satisfactory means of treating cer- 
vical erosions. 


Again, it may be well to repeat that any accessible 
growth or mass of tissue can be easily and readily removed 
by these methods. | 


Electro- Coagulation of Bladder Tumor 
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ELECTRO-HEMOSTASIS 


In recent years electro-coagulation has proven ex- 


tremely valuable as a means of securing hemostasis in major 


surgery. iG Ss ,particulariiy useful 4n those operations 


where many small and fair sized bleeders are encountered --— 


where ordinarily many clips, hemostats or ligatures would 
be required. For example, in thyroidectomies (1 and 2) ap- 
plying the coagulation current to the many small bleeding 
points reduces the number of ligations and effects a con- 
siderable saving in time. Bartlett (1) states that opera- 
tions have been done in which no ligatures whatever were 
used other than transfiixings and ligating the upper poles. 


isa seems to have an -cqually, useful field. in such 
operations as nephrectomies, hysterectomies, removing fi- 
brold “tumors, ele . 


In electro-hemostasis, bleeders can be roughly di- 
vided into three general classes:-- 


ist - Very small vessels which usually do 
not bleed after clamp is removed. 


and —- Small or moderate size vessels, 
whieh bleed atiter takime off clamp 
and require lication. 


ord - Larger vessels,which will still re- 
quire the customary iligation and: 
for which electro-hemostasis is not 
recommended. 


Those of the first class can be sealed tor certain 


by applying a mild current for 4 very short time --— just 2 
flash. This produces no more than a "pasting shut" action 
on the ends of vessel, with practically no coagulation or 
tissue destruction. ? 


A tearce. percencace of bleeder  ditficulties arise 


from vessels falling between the Ist and 2nd classifica- 


tions, Vessels which emay or may mob bileed on removal of 
clamp, but of which there are too many to justify ligation. 
Tvs class: can be handled admirably and very quickly by a 


technique half way between that recommended for groups l 


and 2 by simply varying the Jensth of time Current. 1s ap-— 
plied, without changing whichever machine setting you may 
have at the time. Dt seu for class one, sive Louser. time, 
it set tor class 2, leave curreny on a ~—shercer bime «than 
for a class 2 vessel. The exact amount and time Ts, “or 


“COUrSée 4 Mpuber Of Andi viduel “experience, Tb 14 iam these 


and the group 2 cases. that electro-hemostasis affords its 
greatest advantages. 


In sealing group 2 vessels (those smaller than one- 


sixteenth inch diameter but most decidedly not in class 1), 
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trode is brought in- 


“then turned off by 


EHlectro-Hemostasis 


a small amount of tissue surrounding end of vessel is coagu- | 


lated along with the end of vessel, creating sort of a plug. 


The larger the vessel, the larger must be this "plug". Jsu- 
ally the amount of adjacent tissue gripped by the hemostat 
anyway is just about the right amount needed to form a plug. 
See details later on describing how current strength, length 
of time current is applied, and other factors, determine a- 


mount of coagulum formed. 


In the third group, which includes all vessels larg- 


er than class 2, electro-hemostasis is not recommended when-~ 


ever ligation would perform the function equally well. The 
number of such vessels is not large enough to effect any ma- 
terial time saving --in fact with large vessels ligation can 
be done in no more and sometimes less time than electro-hem- 
ostasis, and would not involve as much tissue destruction. 
Likewise, with large vessels, unless an extra large plug of 
coagulum is created, there is the possibility of post-opera- 
tive hemorrhage or premature separation or absorption of the 
coagulum -- contingencies which are quite remote in dealing 
with class 2 or smaller vessels. 


There are some exceptional instances where the use 
of electro-hemostasis may be justified in class 3 vessels -- 
especially when other methods would not be safe or satisfac- 


tory. Those will be described in detail later on. 


Fic. 6 illustrates 
the method of apply- 
ing current to clamp. 
Tip of active elec- 


to actual metallic a 

contact with suitable a 

portion of the clamp. : ; OTs 
Then foot switch is 
depressed: until you 
observe the. desired 
degree of blanching 
in tissues immediate- pune. NWhta'\ seas he. | : 
ly surrounding end . e . SAN Ne “ace 
of clamp. Current is oi Gee ~ \ \ a 


releasing foot switch. 
Contact of electrode 
tip on hemostat is 
then removed. 





One can easily contract the habit of standing on 


foot switeh all the time, or pressing foot switch first,then 


contacting electrode to clamp, or of keeping foot switch de- 
pressed while contact of electrode tip to hemostat is broken. 
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FIG. 6 Showing method of applying electrode momentarily to arrest bleeding point. 


| lectro-Hemostasis 


i 


| #lectro-Hemostasis 
<< 
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Any of these procedures will cause 2 spark to pass whenever be | sults. You cannot vary this by using less time and increas- 
contact is made or broken, which is very undesirable. It : ing power proportionately and still securing best results. 








also may present a needless explosion hazard with some an- 
esthetics. 

Glamp to which current is applied must not touch 
other clamps or any metal objects. This would spread the 
current, instead of concentrating it at tip of clamp, with 
result that sealing action would be ineffective. 


Clamp should be held up,so that it stands out radi- 
aly from tissues, with the vessel under only the slightest 
amount of traction when dealing with class 1 vessels and 
only a’mild hemostatic action is desired. On anything larg- 
er than class 1 vessels, where a small plug of coagulum is 


to be formed around end of vessel, no traction should be 


used. Likewise, guard against pushing downward on clamp, 
into surrounding tissues. This will cause an . excessively 
large plug to form, with needless tissue destruction,or, if 
current is not left on long enough, would cause an ineffec- 
tive seal. 


Under no circumstances should current be applied to 
a Glamp woich is laying loose on its side. For a normal 
current application this would produce ineffective sealing. 
if time were inereased until blanching is noted, you wiil 
also then find more or less coagulation of all other tissues 
in contact with clamp. 


| For similar reasons, one should not attempt to seal 
the end of a vessel, with the vessel itself and probably a 
portion of the hemostat immersed in a pool of blood or fluid 
if this procedure can possibly be avoided. Sponge blood or 
fluids free from the field. Then coagulate before any more 
blood can seep in. 


Occasions may arise where it is impossible or at 
least very undesirable to elear away all blood or fluids 
before coagulating or sealing bleeders. in that event, it 
Can still be done, provided it is understood that. a.dried 
blood clot will remain along with considerably more than the 
usual amount of surrounding tissue destruction. To prevent 
this destruction going any deeper or more extensive in area 
than necessary, under such circumstances reset the power of 
machine for a greater amount. Do not attempt to handle such 
a case by simply increasing the time interval that current 
is applied, and leaving the power setting the same. That 
would produce needlessly deep and extensive tissue destruc- 
tion, Then, after thet particular job is completed, be sure 
and again reset the machine for lower power usually used. 


The exact amount of power used, time, etc. in seal- 
ing bleeders, varies to some extent with different opera- 
tors. There is, however, only one power and one time fac- 
tor for any given size vessel which will give optimum re- 
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Reasons for this are explained in detail under heading "Gen- 
eral Principles". | 


As one becomes more proficient, there is the tempta- 
tion to use more power and a shorter time.This is dangerous, 
Nothing is gained,as the difference in time in the two cases 
would only be a small fraction of a second. 


If the matter of power used is carried to great ex- 
tremes, it is easily possible to generate so much heat so 
quickiy that a cloud of steam would be formed, which would 
Gilate end of vessel, tending to push its way back into the 
vessel, or actually burst the end of vessel instead of seal- 
ing it. |.Identically the same result can Gasily ensue, even 
with limited current use, if an improper form of current ae 
used for electro-hemostasis. The relatively undamped current 
used in electrical cutting (when variable dehydration effect 
is not available) is not at all suited to hemostasis. 


COAGULATION OF LARGE BLEEDERS =- We have encountered 
some few instances where in special cases it was vital that 


@ large vessel, or more often a group of large vessels, be 


sealed by electro-hemostasis rather than using ligation.sSuch 
cases are Pare, but are met with in some brain surgery and 
might be encountered in some other fields. In that event, 
the only recourse is to create an unusually large "plug" of 
coagulum around end of vessel. This cannot be as well done 
by the usual procedure. Here it is customary to use a small: 
electrode, and applying this electrode directly to the tis- 
sues for some distance beyond and surrounding the point at 
which vessel is gripped by clamp, until the plug is formed. 


Then after that, current is applied directly to clamp as in 


the case of smaller vessels. 


It must be remembered, however, that when a wound is 
closed up, all coagulated tissue must be absorbed if that 
wound remains closed. Experience shows that rate of absorp- 
tion of coagulum is about the same as one would expect. ina 
Similar mass of catgut ligature material. The coasulum re— 
mains in the wound as a foreign body. Lf san exces si vei 
large amount is left in the wound, beyond the ability of the 
tissues to absorb, sloughing will take place. 


DRYING UP SUPERFICIAL VESSELS -On the surface of the 
dura, and around the stomach, one often meets a considerable 
number of vessels which must be sectioned. Dr. Harvey Cushing 
has originated a novel manner of dealing with these in his 
neuro-surgery, which may be applicable in other regions. A 
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ball electrode about 1/8" diameter is used in connection with 
the usual coagulating current of a power depending on size of 
vessels. Beginning at distal end of vessel, its surface is 
gently stroked in a series of short strokes, which, if every- 
thing is done exactly right, results in "chasing" the blood 
back into the vessel end, sealing the vessel shut as you pro- 
Ceca. 


DESICCATION. - Desiccation is the same procedure as 
electro-coagulation in all respects,except instead of insert- 
ing the electrode into the tissues or contacting the tissues, 
it is continuously brushed over the surface being desiccated 
with the tip of électrode maintained a small distance (1/16th 
inch or so) from that surface. This causes a constant shower 
of fine sparks to spray from end of electrode to tissues. The 
Sparks produce dehydrating or desiccating action and corres- 


ponding whitening of the tissues. tne effect Can be varied. 


from the thinnest amount of dehydration -- a few thousandths 
of an inch up to one eighth of an inch or more,by varying the 


intensity and time. 


Desiccation is often very valuable in stopping oozing 


from large areas of very highly vascular tissue. 


On eae of the sparks taking place when desicca- 
tion is used, the utmost caution must be exercised when using 
ether anesthesia. It positively must never be used in the 
presence of ethylene or any other violently explosive gas. 





A DESICCATING SPARK 
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THE ANESTHETIC 


The use of electro-surgery imposes some limitations on 
the anesthetics that can be used. It is to be remembered 
that you are working in the presence of electrical sparks 


which could ignite or cause explosion of anesthetics having 


these characteristics. The choice of anesthesia should be 
made with this fact clearly in mind. 


Electro-Surgery should never be used with ethylene, as 
only small concentrations of this gas can produce violent 
explosions in the presence of even the tiniest electrical 
spark. 





In the past it has been the custom to discourage the 


use of ether anesthesia in connection with electro-surgery. 


However many electro-surgical operations have now been per-=- 
formed under ether without serious accidents and in the 
light of experience to date, we believe that ether is rea- 
sonably safe if the work is carefully done and every possi- 
ble precaution against ignition is taken. These precautions 
should include separation of the operating field from the 
anesthetist by means of drapes, continuous ventilation of 
operating room, spillage avoided,immediate removal of ene y 
ether cans, etc. 


It should also be remembered that ether administered 
by the open drop method is more likely to ignite than when 
it is administered through a mask. Also, ether should never 
be used when there is any communication between the operat- 
ing field and the respiratory passages. 


Of the inhalent anesthetics it may be said that ni- 
trous oxide and chloroform are quite safe. Ether is reason- 
ably safe if aca! used, and ethylene is absolutely in- 
terdicted. 


For light work on the mucous membranes,the topical ap- 


plication of such anesthetics as novocain snupercaine , OU by, 


etc. are usually sufficient. 


Where a purely local anesthetic is used in connection 
with electro-surgery, it is best to avoid injection direct- 
ly into the operating field.Neither the cutting or coagula- 
tion currents can be used to best advantage in tissue in- 
filtrated with large quantities of fluid. The anesthetic 
should be injected around or under the eee ae field or 
the nerve block principle used. 


Other than above mentioned,there are,so faraswe know, 


no objections to any of the anestheticSordinarily used. 











"4 
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With the present-day techniques of administering spinal, 
transsacral, caudal, avertin, twilight sleep, etc. the sur- 
geon has a wide choice from which a selection can be made 
that will prove safe and satisfactory for use with electro- 


surgical methods. 


THE INDIFFERENT ELECTRODE 





The indifferent electrode may be held 
firmly in place by using a sand bag or 
; an elastic bandage 


The size of the indif- 
ferent electrode may be va- 


ried within certain limits, 


but for all major. electro- 
surgery afairly large plate 
should be used, say 10"x 12". 
For light work where the 
electrode is bandaged to an 


arm or applied to the back 


of the neck a small plate, 
say 2s" x 6" will serve. 





A pply indifferent electrode close to operating field. Wusirauon shows 
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The indifferent elec- 
trode consists ofa plate 
of diathermy metal which 
is applied to some con- 
venient part of the body 
as close to the operat- 
ing field as possible. 
For example, it may be 
applied under the but- 
tocks or shoulders ,to the 
back of the neck, to the 


abdomen, the patient may | 


sit on it or it may be 
bandaged to an arm or 
lege 


It should be firmly 
held in place either by 
an elastic bandage, sand 
bag,or by having the pa- 
tient rest his shoulders 
or buttocks on it. 


pressure of body holding tt firmly in place 











Bend over edges of diathermy metal for indifferent electrode 


It should be rolled 
pertectiy flat with 
the roller each time 


before using.If these 
precautions are ob- 


served,it will avoid 
sharp points orirreg- 
ularities inthe plate 
which might dig into 


the skin, causing a 


concentration of cur- 
rent with the possi- 
bility of burning sat 
that point. 
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The Indifferent Electrode | 


fhe edges of | the 
metal should be turn- 
ed back on themselves 
about 1/8" all around 
the electrode, away 
from the side “that 
will contact with pa- 
tient's skin. : 


DO NOT USE MORE THAN ONE 
THICKNESS OF METAL FOR 
THE . INDIFFERENT PLATE. 


IF THE METAL IS DOUBLED 


IT TENDS TO WRINKLE AND 


CAUSH IRREGULAR CONTACT, 








Smooth out indifferent electrode with roller 





the Indifferent Electrode 


The patient's skin should be thoroughly moistened with 
thick soap lather or K-Y Jelly before the electrode is applied. 
Under no circumstances should vaseline,oil or greasy substances 
be applied to the electrode. Mineral oils and greases are good 
insulators and if used, would cause a poor contact with like-= 


lihood, of = burn. 


The clip on the connecting cord should be protected by 
a rubber guard or a pad of gauze so that the patient's skin 
does not press on the clip and cause a burn. | 


Ordinarily, if the surface is thoroughly moistened, a 


slight growth of hair does not interfere with the electrode 
making contact. However, the electrode should never be applied 
over a heavy growth of hair or over any extensive area of hard, 
dry scar tissue. ie An 


Poor or uneven electrical contact at. the indifferent 
electrode can cause a skin burn. Poor contacts may be caused 
by heavy hair, hard dry scar tissue,a wavy electrode that con- 
tacts only in spots,failure to moisten the patient's skin,etc. 
Sharp. points that dig into the skin cause a current concentra- 
tion at that point with a very good chance of aburn occurring. 


OBSERVATIONS OF THE ABOVE PRECAUTIONS WILL PREVENT 
BURNS AT THE INDIFFERENT ELECTRODES. 
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PRELIMINARY EXPERIMENTAL WORK 
—curring—_ 


The use of electrical cutting currents is quite dif- 


ferent from surgery with the conventional scalpel. The Op- 


erator must aceustom himself to the extra manipulation of 
turning the current on and off with the foot switch, and 
mist learn to synchronize this with the use of the operating 
electrode. He must become accustomed to the "feel" of the 
cutting electrode, or rather the lack of "feel", for the el- 
ectrode cuts without that useful feeling of resistance that 
a scalpel gives. He must become accustomed to the relation 
between the depth of incision,speed of cutting and the power 
setting on the machine. In order to learn what results can 
be secured under different conditions, it is advisable to do 


some experimenting on a piece of meat before using the ma- 
Chine on actual cases. | 


A good sized piece of veal, or a heart, answers’ the 
purpose best. Beef has too coarse a grain to compare proper- 
ly with human tissues. Secure a piece of meat that has some 


fat, some cartilage, and some fascia on it in order to see 


exactly how the cutting current performs on these different 
structures. If it is dried out, before using, it is well to 
moisten the meat so as to get its moisture content about the 
same as that of live tissue. If desired, a moderate amount 
of slightly saline water can be injected into the meat with 
a hypo syringe. Tissues with a normal moisture content are 
somewhat harder to sever neatly than the more dry tissue in 
dead meat, and we are aiming to have as close an approxima- 
tion to actual conditions as possible. 


| After the meat tests are completed it is further ad- 

visable, when conditions permit, to either see work being 
done on actual cases by an experienced operator, or to carry 
out further tests yourself on animals. Work on dead meat, 
even though it has been moistened,is not entirely comparable 
with work on live tissues, as in the latter you have a high- 
er temperature, a greater amount of moisture, as well as the 
blood stream, to alter the conditions. | 


Lay the piece of meat directly on a plate of diather- 
my metal which acts as the indifferent electrode. Connect 
this plate to the "Patient" terminal on machine. If the edge 
of the metal is bent over for a distance of about one-eighth 
of an inch and then pressed flat this will hold the clip in 
place and keep it from pulling off the edge. Connect elec- 
trode handle to the active terminal. Use about one third of 
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Experimental Cutting - | | ‘ 


total power. Select one of the flat cutting electrodes, say 
the smaller of the two sizes, and insert in handle. Yow wal 
notice that the edge of the cutting electrode is not Sharpen- 
ed enough to cut of its own accord. 


Now place edge of cutting electrode lightly in con- 
tact with some of the muscle tissues on the meat, Simultane-— 
ously turn on current with foot switch and lightly draw the 
electrode through the meat at about the same rate of speed 
as you would if cutting with a scalpel. “You will notice Giz 
you have the machine properly adjusted) that the electrode 
passes through the tissues with practically no resistance, 
The current should be turned off at just exactly the same 


instant that the electrode emerges from the tissues at the 


end of the cub. 


“~ 
a Ca Mess SOs gc rank 
LOE VT ae ARLEN vied (AS LEED hat 
” 4 eet AN ASN ane 


= 





1. GONTACT ELECTRODE. 2. JURN ON CURRENT 3. TURN CURRENT OF 


BEFORE CURRENT 15 & SIMULTANEOUSLY DEFORE ELECTRODE 
TURNED ON. START MOVING IS WITHDRAWN. 
ELECTRODE. 


if we cuLbrent is Lett om too lone. there will be “a 
small arc drawn out from the end of the electrode as itleaves 
the tissue, which is preferably to be avoided.To secure best 
results,the operator should become accustomed to proper :-syn- 
chronizing, i.e., turning on the current with the De Sain ae: 
of the incision and turning off the current exactly at the 
end of the cut. ae | : 


If the current is thrown on before the Operalor «as 
ready to move the cutting blade through the LUSswved a flack 
will take place before he begins moving the electrode and 
there will be a wider depth of dehydration at the start of 
phe incision. Usually this wii] not hurt ‘but it is best to 
learn how to make a perfect job in the beginning. Now replace 
the small blade in the electrode handle with one of the larger 
ones. 


Try the same thing over but this time set your power 
Control at abouc two thirds of the “total and “if you, “have 
enough thickness of meat you can make an incision of an inch 
or more in depth.Avoid running the cutting electrode all the 
way through the meat sothat it strikes the indifferent plate 
underneath for if this is done a short circuit will in@ emt, 
which will burn up the electrode, 
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Now try the following: Hold the flat side of the cut- 


ting electrode in contact with the meat throughout most of 


the area of the electrode. You will note it no longer cuts, 


put rather burns and cooks the tissue. Then reduce the power 


down to say one third to one half the total and slightly press 


the entire length of the cutting edge of the cutting electrode 


against a fresh portion of the meat. You will note that it 
again either fails to cut entirely and simply burns or cooks 
the tissue, or else that there will be a time interval at the 
start when it first cooks the tissues and thereafter begins 
to cut -- only after an appreciable width of tissue has been 
cooked and thereby dehydrated and presenting a lower resist- 
ance, so that the electrode can begin to cut. These exper- 
iments are suggested in order for you to visualize a very im- 
portant feature in connection with the manipulation of the 
electrode. Many surgeons are accustomed when using an ordinary 
scalpel to lay the entire cutting edge of the scalpel direct- 
ly on the tissue and then press down and draw the scalpel 


acrosSe 


| If this is done with the electric scalpel you will ob- 
tain results on actual cases just as previously demonstrated 
on the piece of meat, that is, it will only begin to cut with 
difficulty or might not cut at all, and will cause extensive 


coagulation of tissue throughout the full length of contact. 





START YOUR CUT LIKE 
ELECTRODE INCONGLET 
WITH TISSUE. le 


Nor LIKE THIS WITH 
ENTIRE EDGE iN 


You should learn, therefore, to start your incision 


with only the tip of electrode in contact with the tissues, 


and be ready to start drawing it through the tissues as soon 
as you throw on the current. Learn to synchronize the move- 
ment. of the cutting electrode with the turning on of the cur- 
rent. This feature of synchronizing the turning on and off of 
the current and of properly applying only a portion of tie 
cutting blade at the beginning of the incision will probably 
be the hardest thing to become accustomed to, but after a few 
trials it will come naturel to do this and will “presen: no 
difficulty whatever when you are once accustomed to it. 


- Now repeat the above experiments but use aneedle type 
electrode instead of the blade. You will notice that,with the 
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needle electrode there is not nearly so mich precaution nec- 
essary in the way you apply the electrode to the tissues at 
the beginning of the incision for there is a natural tendency 


to contact the point only. The needle electrode, however, for. 


the same power setting gives a somewhat greater depth of de- 
hydration and does not pass through the tissues quite as read~ 
ily as the thin flat blade. Nevertheless, you will find the 
use of the needle electrode advantageous where you want to se- 
cure quite heavy dehydration on the edges of the wound. 


Both the flat electrode and the needle type electrodes 
have their temper drawn just enough so that they can be formed 
to any desired shape between the fingers. This will prove an 
pare oo where it is desired to scoop out small sections of 

SSUC. | 


Now try one of the flat cutting electrodes on some 


cartilage and you will note how readily it passes through if 
you do not try to force the blade or take too deep a cut for 
the amount of power used. Try this again with the needle type 
electrode on cartilage and you will note the flat blade cuts 
quite a good deal better than the needle on this particular 
type of structure. | | 


Now select an area of tissue with a small amount of 
fatty tissue incorporated with it. If the tissue is not too 
fatty you will notice the cutting electrode severs it nicely. 


Now select a considerable thickness of fat and try to make a 
deep cut through it. You will notice it either does not go. 


through or if it does so at all, there is considerable "boil- 
ing out" of the fatty tissue or a carbonization of the fatty 
tissue, which would prove very objectionable on an actual case 
as it would lead to a degeneration of the fatty tissue, and 
considerable difficulty in healing would be experienced. The 
best way of cutting through heavy fat is to use a moderate 
amount of power -- make several very shallow cuts, an eighth 
of an inch or less deep -- make the incisions very rapidly - 
allow a short time interval between each incision -= maintain 
traction on the wound edges. This will keep heating of the 
fatty tissue at a minimum and will prevent undesirable “boil- 
ing out", 


If the piece of meat has some fascia on it,try strip- 


ping off the fascia without involvement of too much of the 


underlying tissue. For this the small flat blade works best 
and it should be done with a low amount of power. Make thin 


cuts of from one-sixteenth to one-eighth inch or so in depth. 
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rious sizes.Using a medium 


tant that you do not place 


Next, using a loop 
electrode,try "scalloping" 
out pieces of tissue of va- 


sized loop with about half 
the total power, you will 
be able to scoop out bits 
of tissue of any desired 
length. Again it is impor- 


too mich of the. leop in 
contact with thetissue be- 
fore turning on the cur- 
rent. Just contact a small 
section of the loop light- 
ly turn on the current and 
then start drawing elec- 
trode through the tissue, : | 
pushing it in to the desired depth after cutting starts. If 
too much of the loop is contacted with the tissue before the 
current is turned on,it will start to coagulate and then will 
either not cut at all or will cut very slowly at first. | 


You will note that the loops require considerable pow- 
er to cut rapidly, also that there is considerable dehydration 
on the tissue. Ehis is due to.the loops being made of, 7el- 
atively heavy wire, and the fact that even a small section, 
"looped out" is equivalent to an incision of considerable 
depth, due to the arc of the loop in contact with the tissue. 


| Continue your meat experiments, using different elec- 
trodes and different power settings* until you feel that you 
know the effects that will be secured under various conditions 
on actual cases, and until you have mastered the synchronous 
operation of the foot switch and the operating electrode -- 
until you become "foot-switch-minded" -- and until you are 


thoroughly accustomed to the "feel" of operating with the va- 
pious electrodes. 


Following these preliminary meat experiments it is 
recommended that you continue your experiments on live an- 
imals; at least this should be done before any ma jor operative 
work isundertaken.While the power setting,dehydration effect, 
etc.e, are similar on meat, in working on live tissue you are 
confronted with the actual problem of hemostasis--the effects 
of the currents are modified by the blood stream -- the work 
does not proceed as rapidly and smoothly as it does on dead 
tissue. 


*xIf your machine is equipped with 
variable dehydration, experiment 
with the different settings, sec- 
tion meat with a scalpel and ob- 
serve varying depths of drying 
Out e 
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EXPERIMENTAL COAGULATION 


Use the same test piece of meat for experimenting with 


the coagulation and desiccation current. As previously pointed 


out, there are too many variables to permit any Simple set of 


rules for power settings and for those unfamiliar with electro-. 


coagulation and desiccation these will need be worked out ex- 
perimentally as outlined in the following. 


For the first test the large, straight,stainless steel 
needle should be used. Use a fairly heavy power setting, say 
about half the total. Plunge the needle into the meat to a 
depth of about a half inch. Then turn on the current until a 
Slight ring of blanched tissue appears on the surface of the 
meat surrounding the needle. With this power setting,this will 
take place in probably two or three seconds, Do not allow the 
current to remain on until pronounced sparking takes place at 
the active electrode. This is undesirable. 





Turn off current and withdraw the needle.Cut a section 
through the coagulated part and examine the tissue changes that 
have taken place around the needle puncture. You will find a 


moderately extensive mass of coagulum surrounding and extending 


beyond the depth of needle insertion as illustrated above. The 
line of demarcation between the coagulum and unaffected tissue 
will be well defined. 


Next try applying a small amount of current for a fair- 


ly long time. Reset to a low power,say one fifth to one fourth 
the total. Again plunge the needle in to the same depth, turn 
on the current and apply it until you see the ring of blanched 
tissue around the needle. This will require considerable time, 
probably from forty to sixty seconds with this low power. Sec- 
tion the meat and examine the result. | 





In this case,you will find @ much more extensive mass of coag- 
ulum, extending farther away from the needle onthe surface and 


penetrating to a considerably greater depth in the meat,as il=— 


lustrated on page 19. You will also find that the line of de- 
marcation between the coagulum and the unaffected tissues ig 
less distinct. | | 


From the foregoing it is apparent that there are two 


possible means of destroying extensive masses of tissue;first, 


by applying a fairly heavy power for a short time and insert- 


ing the needle several times, close together, or; second,using 


a low amount of power applied for a considerable length of 
time, which will require fewer needle punctures,farther apart. 
Of the two the first is probably the better choice,as the depth 
of destruction beyond the needle point is less, you can more 
accurately control the amount of coagulum created,and the time 
element is smaller. : 


The power settings to use on actual cases can only be 
determined definitely by trial. As a rule, somewhat more power 


is required for working on live tissue than on meat. 


Insert different sizes of needles to various depths, 


varying the amount of power and noting the time required to 
produce the ring of blanched tissue around the needle. With 
these experiments, and careful examination of the sections,you 
will soon arrive at a very good idea of the amount of coagulum 
produced by various amounts of power at different depths of 


needle insertions, in different periods of time. 





For purely superficial destruction try brushing a ball 
electrode over the surface of the meat several times until a 
fairly large area is covered and dried out, as evidenced by 
blanching. Section and note depth of penetration. Try varying 
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the amount of power and speed of moving the ball.Note how pen- 


etration may be varied from a very thin superficial destruc- 


tion,a few thousandths of an inch,to any depth that would ever 
be required for actual work. | | e 


Try destroying extremely small particles of tissue. | 


Hook a curved electrode into a small tab of meat. With a very 
low power setting, turn on the current in short flashes until 
the entire tab is dried out and blanched. | | 


Then try desiccation, allowing a stream of sparks to 


play from the end of the electrode onto the meat without making 


an actual contact. This will dry out the superficial layers of 


tissue. The depth of destruction ean be varied,fromafew thou- 


sandths of an inch up to one eighth inch or more depending on 
the power used and the time it is applied. 


Next experiment with electro-hemosta- 
sis by the "Clamp and Coagulate"meth- 
Od » 


Use a medium power setting. Grasp a 
small bit of tissue with a pair of 
forceps, touch the active electrode 


on the current for a flash or two. If 
current is left on long enough there 
will be a blanching of the tissues in 
a small zone around the tip of the 
forceps and it is this small "plug"of 
coagulum which, in an actual opera- 
tion, seals off bleeding points. Try 
using different sized forceps and 
picking up different amounts of tis- 
sue. If only a small bit of tissue is 
picked up it will be blanched by the 
current in avery short time - not 

| me over a second or two. The more tissue 
picked up, the longer time is required with a given power set- 
ting to create the "plug" of coagulum, | 





: Be very careful not to leave current on too long as 
this will cause undesirable sparking and carbonizing of the 
tissues and, in an actual operation, if current is left on too 
long or if too much power is used, steam may be caused in the 
blood vessel, again rupturing it instead of sealing it off. 


in using this technique for sealing bleeders the opera- 
tor need not be concerned about the current passing up the for- 
ceps and into the operator, as with the indifferent electrode 
connected adirect path is provided for the current and it will 
travel down the forceps, through the tissue to the indifferent 
electrode rather than the other way around. : 
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to the handle of the forceps,and turn 





That electro-surgery occupies a place of definite 


value in present-day surgical procedures can not 


be controverted. Its utility has been thoroughly 
demonstrated. . : 


In such fields as the removal of intra - cranial 
tumors, transurethral prostatie resection and in- 
tra-pleural pneumolysis it has opened many new 
and startling surgical possibilities. | 


The results secured in the surgery of neoplastic 


lesions, in breast amputations, cervical coniza- 
tion and thoracoplasties seemingly justify its 
wide adoption in these operations. 


What the future will develop can not be foretold, 
but one may anticipate better methods of attack- 


_ing deep-lying lesions as in the rectum,bronchus, 


ete. No doubt, as the pioneers continue their 
work many new and novel procedures will appear. 


On our part, we will continue to design and manu- 
facture equipment that will serve the surgeon ad-_ 
equately -=- completely -- unfailingly, 


The high standards of design, construction and 
performance established by the Original Bovie are 
maintained in the three current models described 
in the following pages. | | 
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Ail Bovie Units have certain t¢ommon characteris-—- 


| Each model generates two distinct currents, ~ ss 
) : THE FUNDAMENTALS OF ELECTRO-SURGERY 
7 | INDEX 
1-Cutting Current 2-Coagulation Current a 


Ypace 
TERMINOLOGY cea eeenccseanceceeaseessterececcccccces 4 


EMC ERO—C Une LNG << occ a cme awe sade cae ks ease dele re) 
Dehydration (Hemostatic Aetion) e@e@eereeoeooeoaeooveeogea 5 
| \ Primary UD ON. 5 ae hace ak oa b 5s ds ees S5 sea ee o 
The slightly damped, cutting current by volatiliza- | 5 ae Precautions eerseaces Sos de ey acc 2: _— 12 
| POWCT ROGULTOO See caet cee nce eens ree nce eee eee eae 
: tion of cells just ahead of the electrode, severs tissue as oe ee ee 
_ rapidly as the sharpest scalpel and, while cutting, dehy- naer Wate Saevccerevee : eeaeerone 


rent (quite different from the cutting current) has no | Special Operating Instrumentssssececcasecesvaves 14 

drates or coagulates a thin layer of cells on the wound : a | : | | ewes oR 
cutting qualities, but has the proper voltage and wave _ I 
| 


form for desiccation or dehydration of tissue cells and is 





The higher voltage, highly damped coagulation cur- 


edges. ‘This action shrivels and occludes the ends of 
smaller blood vessels; bleeding and oozing from these 


ELECTRO-GOAGULATION AND DESICGATION...cccecccecceee 16 


sources is inhibited, in some cases actual bloodless cutting” used for control of bleeding in prostatic resection, for . F | | General Prine iples S®e@err eC oRoeaeaeaees yg eeqvoenaegece r. 
being possible. This marked reduction in hemorrhage is electro-hemostasis by the clamp and coagulation method, q SS | | 6 ae Se, @eeeaeeseoeeononesase ae ; 30 
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the primary reason for the use of electro-cutting and for destruction of large or small masses of tissue by ue : | Bipolar Coagulation : eeaeoogceonge 
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‘represents its principal advantage over orthodox methods. cation or coagulation, and other applications. | ae BOWEL CS ODS <6 ss eres as 0 0a 5 h6 es ce eet a0 eae cae ns 22 
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All are thoroughly time-tried, proven machines, 
with records of thousands of successful operations at the : 
hands of hundreds of different surgeons. ' | ee 


That Bovie Units have been chosen by thousands 
of leading Neuro, Thoracic, Urologic and General sur- 
geons -~- that they have been selected by hundreds of lead- tf 
ing institutions throughout the world -- more than justi- : (3 | 
fies the statement that THE STANDARD ELECTRO -- SURGICAL : 
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THE IMPROVED DAVIS-BOVIE 
ELECTRO-SURGICAL UNIT si; 


THE MOST 


* POWERFUL 
* FLEXIBLE. 
* COMPLETE 


ELECTRO-SURGICAL UNIT 
AVAILABLE TODAY! 


COVERS THE 
ENTIRE 


CONSISTS OF 
TWO SEPARATE MACHINES 
IN ONE 


Left half of uit generates a powerful cutting current - right half generates 
‘coagulation current. Both are simply and instantly controlled through means of a 


double-treadle foot switch, 


A feature of this unit is the control of the cutting current. hemostasis. 
Five different types of cutting current are delivered, each with different char-~ 
acteristics and exerting different degrees of hemostasis (dehydration) on the sev- 
ered tissue. For each condition, and type of tissue, there is a best cutting cur= 
rent. This, in the Davis-Bovie, can be accurately controlled throughout its full 
range, from maximum down to the minute currents needed in treating detachments of 
the retina. 


In addition to this, the regular coagulation current is available and is 


thoroughly effective in the control of hemorrhage from all sources, 


With all its power, range and flexibility, the improved Davis-Bovie is quite 
simple to operate. It provides, in a single machine, every known electro-surgical 
need and all these factors combine to make it the finest electro-surgical unit mon- 


ey can buy. Ask for complete literature. : 
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ELECTRO-SURGICAL FIELD 


This is a popular hospital and office model 
in the medium price range. While not affording 
some of the conveniences and power of the Improved 
pavis-Bovie, it has features which make it a par- 
ticularly valuable addition to the armamentaria of 

7 It is now in use by many of the 
country's largest private and government controlled 
including a majority of U. S. Veter 
ans Administration Hospitals. . 


any hospital. 


institutions, 


Develops ample power for all major and minor 
electro-cutting and coagulation. With the addition 
of a milliampere meter, a current for medical dia- 
thermy is also available, having a capacity of over 


4500 milliamperes through the chest of an average 


sized patient. 


This unit is particularly desirable for the 
surgeon, Urologist, Dermatologist, Gynecologist or 
hospital wanting the full range of high frequency 
service, both surgical and medical. For the hos- 
pital where investment in separate machines might 


UNIVERSAL BOVIE 1 “i 
ELECTRO-SURGICAL UNIT | 


/ 





UNIVERSAL BOVIE 


not be justified, it solves the problem of securing both electro-surgical and medi-: 
cal diathermy facilities at extremely low cost. Provides currents needed for ail 
modern electro-surgical techniques, such as Prostatic Resection, Neoplastic Sur- 
gery, Neuro-Surgery, Hlectro-Hemostasis, Intrapleural Pneumolysis, Rectal Surgery,. 
Cervical Conization, Tonsil Coagulation, removing skin blemishes, turbinate shrink 
age, as well as for all medical diathermy applications. Complete literature sent 


on request. 





JUNIOR BOVIE 


JUNIOR BOVIE a 
ELECTRO-SURGICAL UNIT 4 
— The Ideal Office Unit — | | 


Here is a modestly priced office unit that is used extensively 
for minor electro-surgery, such as cervical conization. removing 
small neoplasms, taking biopsy specimens, coagulation of tonsils, 
shrinking inferior turbinates, destroying minor rectal lesions, re- 
moving small superficial blemishes, warts and nevi, 


It is a particularly sound investment because it offers, in one 
machine, the use of all three high frequency currents; cutting, coag- 
ulation and medical diathermy. This unit has sufficient power and 
the proper current characteristics for major surgery, except for under i 
water cutting (Prostatic Resection). , } ie . 


ith its wide applications in many fields, the Junior Bovie can 
be bela to advantage ee either the General Practitioner or Specialist. 
Hundreds of Junior Bovies are now in use in offices throughout the 
United States, all rendering eminently satisfactory service. It is 
a small compact unit, of moderate weight, and is readily portable, 
Designed and made so that it will stand up for years under the most 
intensive service. An ideal office electro-surgical unit. Complete 
literature on request. 


> 45s) 





—THORACIC SURGERY — 


MATSON, RALPH C. - "Gauterization of Adhesions in Arti- 


ficial Pneumothorax by the Jacobaeus-Unverricht Meth- 
od of Glosed Pneumolysis™, American Review of Tuber- 
culosis, March, 1929 

MATSON, RALPH C. - “Operative Collapse Therapy in the 
Treatment of Pulmonary Tuberculosis". Western Journal 
of Surgery, November, 1950 


. MOORE, JULIAN A. - "Closed Intrapleural Pneumolysis es 


an adjunct to Artificial Pneumothorax Therapy of Pul- 
monary Tuberculosis". Southern Medical Journal ,Novem- 
ber, 1932. 
FORSEE, J. H. - "Glosed Intrapleural Pneumolysis in the 
Artificial Pneumethorax Treatment of Pulmonary Tuber- 
culosis™,. Journal of Thoracic Surgery, February, 1933 


-—— UROLOGY —— 


DAVIS, T. M. = "Prostate Operations". 
 dournal AeM.A., December 5, 1951 
DAVIS, T, M. - "Prostatic Resection". 
International Surgical Digest, January, 1932 
ALCOCK, N.G. -"Ten Months Experience with Prenaunet hie 
Prostatic Reseetion®, Journal of Urology, Nov., 19352 
RANDALL, ALEXANDER - "The Pathology of Bladder Neck Ob- 
structions". Journal of Urology, November, 1952 


« BUMPUS, He C. - "Results Five Years After Transurethral 


Treatment of Benign Prostatic Obstructions". Journal 

of Urology, November, 19352 

, DAY, ROBERT V. "Endoscopic Resection of the Prostate”. 
Journal of Urology, November, 1932 

STIRLING, W. C. =- "Transurethral Resection of the Pros- 
tate", Virginia Medical Menthly, April, 1932 

KRETSCHMER, H.S. - "Treatment of Prostatic Obstructions 
with the Electric Resectoscope", illinois Medical 
Journak:, September, 1952 

BOYD. Mele and BAILEY, M. K. - "Transurethral Prostatic 

Resection in Benign Prostate Hypertrophy" ‘ Piedmont 

Hospital Bulletin, September, 1952 

» FOLSOM, A.L. —- "My Personal. Experience with Transureth- 
ral Prostatic Resection". Urologic & Cutaneous Review 

March, 1952 


Copyright | 
1933 


. THE LIEBEL-FLARSHEIM COMPANY 
CINCINNATI OHIO 


Lithe in U.S. A. 





BIBLIOGRAPHY 


—— GENERAL AND GYNECOLOGICAL SURGERY 


BARTLETT and BARTLETT ~ "fhyroideectomy Technique of To- 
day". Surgery, Gynecology & Obstetrics, April, 1931 
MOCK, H.E. - "Electro-Surgery in Thyroidectomy". . ; 
) Journal A.MAe, May 3, 1950 
, KELLY, HOWARD A. - "Electro-Surgery"™ 
Surgery, Gynecology & Obstetrics, February 15, 1931 
HYAMS, M. N. - "Conization of Cervix", 
Archives of Physical Therapy, April, 1930 
WALLACE, W. J. ~- "Gonization of the Cervix with Electric 
Scalpel". Oklahoma State Medicai Journal, April, 1932 
| WALKER, R. B. - “Treatment of Chronic Endo-Cervicitis by 
Surgical Endothermy". N.J. State Med, Journal ,May,1930 
- YOUNG, HUGH H. - "“Electro-Hemostasig in Place of Liga- 
tures". Surgery, Gynecology & Obstetrics, July, 1932 
NICKELSEN, DONALD - "The Electric Scalpel in Cancer Sur- 
gery". Medical Sentinel, January, 1927 - | | 
WYETH, GHO. A. ~ "Electro-Surgery in Malignant Disease" 
International Journal of Medicine & Surgery, Septe 1930 
TROWBRIDGE, EDW. H. - "The Use of the Electro-Surgical 
Knife in Major Operations". International Journal of 
Medicine and Surgery, October, 1929 
GROFF, SUTTON H. - “Radical Electro-Surgical Masectomy™ 
American Journal of Surgery, January, 1932 
ANDERSON, JOHN - "Cutting Currents" 
American Journal of Physical Therapy, June, 19350 
. LILTENTHAL, HOWARD - "The Electro-Surgical Unit as an 
Aid in General Surgery". Surgery, Gynecology & Obstet-~ 
és, February 15, 1951 | 
WARD, GRANT Ee - "Electro-Surgery in Non-Malignant Gon- 
f dittons". International Jeurnal of Medicine & Surgery, 
A. September, 1930 | 
15. ELLIS, JOHN D. - "Rate of Healing of Electro-Surgical 
- 7 Wounds". Journal A.M.A., January 5, 1931 


r 
a“ 


—— NEURO-SURGERY— 


1. CUSHING, HARVEY AND BOVIE, W. T. - "Electro-Surgery as 

an Aid in the Removal of Intra-Cranial Tumors". 
surgery, Gynecology & Obstetrics, December, 1928 

2. ELSBERG, CHAS. A. - "Surgery of Infiltrating Tumors of 
The Brain". Surgery, Gynecology & Obstetrics,June,1929 

Se SACHS, ERNEST ~ “The Electro-Surgical Unit as an Aid to 
the Neurological Surgeon". Surgery, Gynecology & Ob- 
stetrics, February 15, 1931 

4. DAVIS, LOYAL - "The Use of Electro-Surgery in Neurologi- 
cal Surgery". American Journal of Surgery, August ,1930 





